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Figure 1: Timeline of Project  
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House Type House Area Height Width Average Area Length Vol Number  Percent
[m2] [m] [m] [m2] [m] [m3] [#] %
1 0‐100 5 8 75 9 360 3766 11
2 101‐150 5 8 125 15 600 195 19
3 151‐200 5 8 175 21 840 158 19
4 201‐250 5 8 225 27 1080 60 10
5 251‐300 5 8 275 33 1320 117 9
6 0‐100 8 8 75 9 577 3 2
7 101‐150 8 8 125 15 961 9 7
8 151‐200 8 8 175 21 1346 15 9
9 201‐250 8 8 225 27 1730 27 6































Wood Stud Steel Stud AAC SIP
[kg/house] [kg/house] [kg/house] [kg/house]
Lumber 12940 0 11578 10128
Concrete 22000 22000 22000 22000
Steel 0 1192 0 0
OSB 7242 7242 5227 8019
Gypsum 7398 7398 7398 7398
Asphalt 2215 2215 2215 2215
Vinyl 2169 2169 106 2169
Fiberglass 226 226 0 106
Building Paper 155 155 158 155






































Wood Stud Steel Stud AAC SIP
[kg/house] [kg/house] [kg/house] [kg/house]
Lumber 0 0 0 0
Concrete 0 0 0 0
Steel 0 0 0 0
OSB 7242 7242 5227 8019
Gypsum 7398 7398 7398 7398
Asphalt 2215 2215 2215 2215
Vinyl 2169 2169 106 2169
Fiberglass 226 226 0 106
Building Paper 155 155 158 155




























































































































































House Infiltration Insulation Energy Cooling Heating Total Heating 
Type Wall Roof Floor Consumption KWh Btu KWh + Cooling
ACH HR-SQFT-F/BTU x 000 x 000 000 x 000 KWh x 000
1 0.3 R30 R30 R30 Low 4.69 9.57 2.8 7.5
0.7 R13 R30 R4 Medium 4.89 18.83 5.5 10.4
1.5 R4 R4 R4 High 5.37 25.81 7.6 12.9
2 0.3 R30 R30 R30 Low 6.20 10.08 3.0 9.2
0.7 R13 R30 R4 Medium 6.69 25.5 7.5 14.2
1.5 R4 R4 R4 High 7.51 36.57 10.7 18.2
3 0.3 R30 R30 R30 Low 8.70 11.81 3.5 12.2
0.7 R13 R30 R4 Medium 9.31 33.12 9.7 19.0
1.5 R4 R4 R4 High 10.42 47.75 14.0 24.4
4 0.3 R30 R30 R30 Low 11.23 13.53 4.0 15.2
0.7 R13 R30 R4 Medium 11.98 40.64 11.9 23.9
1.5 R4 R4 R4 High 13.36 58.84 17.2 30.6
5 0.3 R30 R30 R30 Low 12.67 14.35 4.2 16.9
0.7 R13 R30 R4 Medium 13.72 47.36 13.9 27.6
1.5 R4 R4 R4 High 15.46 69.65 20.4 35.9
6 0.3 R30 R30 R30 Low 10.11 9.57 2.8 12.9
0.7 R13 R30 R4 Medium 10.53 20.84 6.1 16.6
1.5 R4 R4 R4 High 12.09 36.8 10.8 22.9
7 0.3 R30 R30 R30 Low 14.02 10.7 3.1 17.2
0.7 R13 R30 R4 Medium 14.79 28.26 8.3 23.1
1.5 R4 R4 R4 High 17.20 51.56 15.1 32.3
8 0.3 R30 R30 R30 Low 18.94 12.49 3.7 22.6
0.7 R13 R30 R4 Medium 19.96 36.3 10.6 30.6
1.5 R4 R4 R4 High 23.18 66.59 19.5 42.7
9 0.3 R30 R30 R30 Low 24.21 14.5 4.2 28.5
0.7 R13 R30 R4 Medium 25.55 44.43 13.0 38.6
1.5 R4 R4 R4 High 29.53 81.64 23.9 53.5
10 0.3 R30 R30 R30 Low 28.04 15.87 4.6 32.7
0.7 R13 R30 R4 Medium 29.79 51.94 15.2 45.0
























































House Infiltration Insulation Energy Cooling Heating Total Heating Total Energy
Type Wall Roof Floor Consumption + Cooling
SLA HR-SQFT-F/BTU KWh x 000 KWh x 000 KWh x 000 KWh x 000
1 0.00080 R27.5 R49.48 R30 Low 5.64 0.24 5.88 29.15
0.00015 R15.3 R39.48 R11 Medium 7.33 0.96 8.29 31.84
0.00050 R8.2 R29.48 R4 High 9.30 1.91 11.22 35.07
2 0.00080 R27.5 R49.48 R30 Low 6.36 0.81 7.17 32.63
0.00015 R15.3 R39.48 R11 Medium 9.25 2.21 11.47 37.39
0.00050 R8.2 R29.48 R4 High 12.17 4.07 16.24 42.66
3 0.00080 R27.5 R49.48 R30 Low 7.34 1.55 8.9 36.6
0.00015 R15.3 R39.48 R11 Medium 11.34 3.53 14.9 43.2
0.00050 R8.2 R29.48 R4 High 15.11 6.31 21.4 50.4
4 0.00080 R27.5 R49.48 R30 Low 8.47 2.39 10.9 40.8
0.00015 R15.3 R39.48 R11 Medium 13.55 4.81 18.4 49.1
0.00050 R8.2 R29.48 R4 High 18.09 8.49 26.6 58.1
5 0.00080 R27.5 R49.48 R30 Low 9.67 3.29 13.0 45.2
0.00015 R15.3 R39.48 R11 Medium 15.84 6.19 22.0 55.2
0.00050 R8.2 R29.48 R4 High 21.11 10.67 31.8 66.0
6 0.00080 R27.5 R49.48 R30 Low 5.88 0.24 6.1 29.4
0.00015 R15.3 R39.48 R11 Medium 7.31 1.26 8.6 32.2
0.00050 R8.2 R29.48 R4 High 8.80 2.81 11.6 35.5
7 0.00080 R27.5 R49.48 R30 Low 6.71 0.78 7.5 33.0
0.00015 R15.3 R39.48 R11 Medium 9.30 2.57 11.9 37.9
0.00050 R8.2 R29.48 R4 High 11.65 5.26 16.9 43.5
8 0.00080 R27.5 R49.48 R30 Low 7.70 1.46 9.2 36.9
0.00015 R15.3 R39.48 R11 Medium 11.32 3.98 15.3 43.8
0.00050 R8.2 R29.48 R4 High 14.42 7.71 22.1 51.3
9 0.00080 R27.5 R49.48 R30 Low 8.76 2.27 11.0 41.1
0.00015 R15.3 R39.48 R11 Medium 13.36 5.44 18.8 49.7
0.00050 R8.2 R29.48 R4 High 17.17 10.19 27.4 59.1
10 0.00080 R27.5 R49.48 R30 Low 9.90 3.17 13.1 45.3
0.00015 R15.3 R39.48 R11 Medium 15.46 6.91 22.4 55.7
0.00050 R8.2 R29.48 R4 High 19.93 12.68 32.6 67.0  
 









































































































































House Type High  Medium Low Best Fit
[%] [%] [%] [%]
1 38.3        54.5        73.7        38.3       
2 18.7        35.0        59.2        18.7       
3 13.0        26.5        48.8        13.0       
4 11.3        21.4        42.0        11.3       
5 17.6        12.1        21.1        12.1       
6 13.1        22.8        46.4        13.1       
7 18.0        10.3        25.5        10.3       
8 24.8        13.3        12.7        12.7       
9 28.1        17.5        11.5        11.5       























































































Wood Stud Steel Stud AAC SIP
[hr/sq ft] [hr/sq ft] [hr/sq ft] [hr/sq ft]
0.4027 0.4667 0.3771 0.3097  
Variable name:  Labor_Hours_Construction 



















Wood Stud Steel Stud AAC SIP
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    iy    The measured data point 
    iyˆ   The simulated data point 
    y    The average of the measured data points 
    n   The number of data points in the series 
    p   The number of independent variables, equal to 1 for calibrated    





















































































































(03)  Employment Delay=    4.5 
(04)  Excess Workers=    Construction 
(05)  FINAL TIME  =       100 
(06)  INITIAL TIME  =      0 
(07)  Reconstruction Demand=  55011 
(08)  SAVEPER  =      TIME STEP  
(09)  TIME STEP  =       1 
(10)  Time to adjust=     3.5 
(11)  Worker Demand=     INTEG (Workers‐Excess Workers, 20000) 

























Abiotic Biotic Water Air Total
Rucksack Factor 0.41 5.51 34.92 0.08 40.92 Lumber kg/kg
... 1.24 0.00 8.71 0.04 9.99 Concrete kg/kg
... 9.32 0.00 81.90 0.77 91.99 Steel kg/kg
... 0.54 0.00 111.33 0.34 112.21 OSB kg/kg
... 1.40 0.00 33.79 0.02 35.21 Gypsum kg/kg
... 2.60 0.00 6.61 0.00 9.21 Asphalt kg/kg
... 3.37 0.00 373.10 0.25 376.72 Vinyl kg/kg
... 6.22 0.00 94.50 2.09 102.81 Fiberglass kg/kg
... 2.49 0.00 122.20 1.62 126.31 Building Paper kg/kg
... 2.51 0.00 15.00 0.26 17.77 AAC kg/kg
Lumber Concrete Steel OSB Gypsum Asphalt Vinyl Fiberglass Building Paper AAC
Material Convertor 12939.58 22000.00 0.00 7241.53 7397.73 2215.09 2168.59 226.06 154.90 0.00 Wood Housing kg/house
... 0.00 22000.00 1192.31 7241.53 7397.73 2215.09 2168.59 226.06 154.90 0.00 Steel kg/house
... 11578.19 22000.00 0.00 5226.94 7397.73 2215.09 105.72 0.00 158.22 32233.45 AAC kg/house
... 10127.79 22000.00 0.00 8018.60 7397.73 2215.09 2168.59 105.72 154.90 0.00 SIP kg/house
... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 RC kg/house
... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 SCIP kg/house
Material Refurbish Convertor 0.00 0.00 0.00 7241.53 7397.73 2215.09 2168.59 226.06 154.90 0.00 Wood Housing kg/house
... 0.00 0.00 0.00 7241.53 7397.73 2215.09 2168.59 226.06 154.90 0.00 Steel kg/house
... 0.00 0.00 0.00 5226.94 7397.73 2215.09 105.72 0.00 158.22 0.00 AAC kg/house
... 0.00 0.00 0.00 8018.60 7397.73 2215.09 2168.59 105.72 154.90 0.00 SIP kg/house
... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 RC kg/house
... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 SCIP kg/house
Material in Structure 12939.58 22000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Wood Housing kg/house
... 0.00 22000.00 1192.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Steel kg/house
... 11578.19 22000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 32233.45 AAC kg/house
... 10127.79 22000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 SIP kg/house
... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 RC kg/house
... 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 SCIP kg/house
Material USE
Material POSTUSE
Waste Convertor 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074 0.074 kg/kg
Energy PRE‐USE
Direct Embodied Energy Convertor 2.50 1.30 32.00 8.00 6.10 9.00 50.20 30.30 37.70 3.60 MJ/kg
Construction and Transportation Energy Convertor 1858.00 1858.00 1858.00 1858.00 1858.00 1858.00 MJ/house
Energy USE
Energy per House 3555.00 3555.00 kWh/month
Energy Cost 0.098 $/kWh
Energy POSTUSE
Demolition Energy Convertor 7000.00 7000.00 7000.00 7000.00 7000.00 7000.00 MJ/house
Deconstruction Energy Convertor 10000.00 10000.00 10000.00 10000.00 10000.00 10000.00 MJ/house
Labor PRE‐USE
Labor Hours Construction 805.45 933.40 754.20 619.40 0.00 0.00 hr/house


















































































































































































































































































































































































































































































































































































































































































































































































































































      MI = Σ (mi • Ri) 
 
      MI = Material Intensity [kg] 
      m   = mass of material in product [kg] 





































        MIPS=MI/S   
           
          MI = Material Intensity [kg] 
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Figure 127: MIPS calculation for 2000 sq ft house  
 
 
D.7 Labor/ Work Force Development Potential 
Another proposed metric, which was not fully explored in this study, was the ‘Work Force 
Development Potential’. This measure could examine the number of labor hours provided by 
each housing system. The more labor intensive the construction, demolition or deconstruction 
process is, the higher this indicator is. In addition, it was proposed to weight the development of 
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transferable construction skills more highly. An example of this would be construction using 
steel studs which is also used for commercial premises. 
 
D.8 Composite Indicators 
This model started to examine distinct parts of a city that require resources for housing and 
attempted to link them together. One difficulty with this approach is identifying what needs to 
be optimized. With numerous measures for each aspect of housing it is important to be clear on 
the key parameter to optimize (materials, energy or labor). The ideal scenario is a house with a 
long lifespan, resistance to humidity, with low energy consumption during its operation, and 
constructed in such a way that it can be deconstructed easily with a high percentage of the 
material available for recovery. However, there are many tradeoffs with any of these choices, 
and some are directly in conflict with each other. For example, a house with a 100 year lifespan 
compared to a house with a 50 year lifespan will result in half as much construction, if 
replacement is being considered. No conclusions were made with regards what the most 
appropriate indicators to use were and this is an area that needs further work. 
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